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The role of botanic gardens and arboreta in the ex situ conservation of 
wild plant resources 

Vernon H. Heywood, Director, Botanic Gardens Conservation Secretariat, 
and Chief Scientist, Plant Conservat iony 
IUCN - The World Conservation Union, Richrnond, U.K. 

INTRODUCTION 

Although it Is generally acceptEd that conservation of plant an animal 

species is best undertaken in situ, so that their populations can 

continue to evolve under natural conditions, such a solution is not 

always possible. For example, a very large number of specfes are now 

reduced to small populations whose survival in the medium to long term 

cannot be assured without habitat farming or some other form of 

lntervention, as in the case of the maJority of the endangered plant 

species on the island of Rodrigues, Nine of the species are reduced to 

less than ten individuals in the wild, three to single individuais 

(Strahm, 1989). Even then7 there may be an appreciable risk that the 

remainlng populations will not survive and, as Strahm points out, it Is 

essential that both in situ and ex situ conservation work be carrled 

out in tandem because the tlora isso highly threatened. Any one 

approach on its own is doomed to ~ailure. 

There has been considerable reluctance on the part of the conservation 

community to admit the value of ex situ approaches to conservation7 

largely on the grounds that it is a poor substitute for maintaining 

populations in the wild. There is also a fear that widespread use of ex 
situ conservation might encourage the authorities to consider it a 

substitute for in situ and thereby put remaining natural areas of 

vegetation at risk. While there is clearly a risk that this argument 

could be advanced, it is incumbent on us to educate decicion-makers so 

that such facile Judgements are not made. 

What we advocate in the Botanic 6ardens Conservation Strategy is the 

adoption of an integrated approach to conservation in the sense that 

the techniques to be applied should be the rnost appropriate to the 
particular circumstances (WWF/IUCN/BGCS 1989; Falk 1990). As Falk 

(1990) notes7 the use of a wide range of conservation methods is 
compelled largely by the diversity in objects of conservation and 

threats they encounter. We have moved on from the earlier laissez ,aire 
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ethic that dominated conservation philosophy in earlier decades towards 

an acceptance of a much more interventionist approach on the one hand 

acceptance of the broader range of options and techniques for 

conservation that are now available to us on the other hand. We do not 

llve ln an Ideal world and have to face the fact that few large areas 

of intact vegetation are 1 ikely to remaln in the future. apart from 

those protected areas that we are able to maintain and manage 

effectively. Most conservation will have to be carried out. as now. is 

smaller, often fragmented pieces of vegetation or in secondary 

communit ies. In these fragments bf vegetation the populations of plant 

species represented wl11 inevitably be reduced in size, often to 

critica] levels or facing imminent extinction. as ln the examples cited 

above for Rodrigues. In such circurnstances it would be foolhardy not to 

supplement in situ conservation measures with ex situ cult ivat lon and 

rnult lpl ication as is currently belng undertaken by several botanic 

gardens. 

The use of ex situ methods, especially seed bank ing, for the 

conservation of germplasm of crop species. in the forrn cultivars and 

landraces. is now widespread anda major network of genebanks has been 

put ln place around the world, notably by FAO, the CGIAR Crop Centres 

and IBPGR, and by national facilit ies such as those of the United 

States Natlonal Germplasm System, the Nordic Gene Bank, the Indian 

National Bureau of Plant Genetic Resources and the Vavilov Institute. 

Petrograd. The world's agricultura) genebanks contain some 2.5 million 

accesslons, most of which are of crop cultivars, with only small 

percentage referring to wild species. The U.S. Nationsl Germplasrn 

system is the world's largest distributor of gerruplasm, supplying more 

than 130,000 samples from its collections each year to more than 100 

nations CNRC 1991) and currently contains more than 380,000 different 

accessions of some 8,700 species. 

Although many agricultural genebanks do contain accessions of wild 

species, the numbers and degree of sampling often inadequate. Moreover, 

unless there is some particular interest in these wild species 

accesslonsr as for examples. as crop relatives, there i~ no programme 

of activity carried out on them. In fact there is no overall world 

strategy for the conservation of genetic resources/germplasrn of wild 

species, either in situ or ex situ. A major. largely unacknowledged 

role is played ln this regard by the world's botanic gardens and 

arboreta and this paper will review what is being achleved by them and 
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will make proposals for consider improving the present system to make 
it more effect ive and comprehensive. 

THE BOTANIC GARDENS SYSTEH 

There are curently about 1,500 botanic gardens and arboreta in the 

world. Details of their location and facilities may be obtained from 

the recently-publiched fifth editlon of the Internat ional Oirectory of 

Botanical Gardens <Heywood et al. 1991). A maJority of botanic gardens 

occur in temperate regions with relatively poor floras <Europe with a 

flora of about ii,500 species has a remarkable 540 botanic gardens) 

while the number of gardens in the tropics is small - for example. 

about 100 in Latin America which houses about 40~ of the world's flora 

(e, 100,000 specles). The range and variation of plant material that 

they contain is quite remarkable and represents the largest assemb]age 

of plant diverslty outslde nature. Tens of thousands of species are 

represented ln their collections although often by only one ora few 

individuals. Most of this material occurs exists as Nliving 

collections" (as opposed to seed> either in the open or ln greenhouses 

(Heywood 1990, 1991a,b,c). 

Until recently, most botanic garden collect ions were assembled for 

reasons other than conservation. In recent yeats many gardens have 

devoted efforts to building up conservation collections and today over 

500 of them maintain such collections, mainly of native plant species, 

according to a recent survey undertaken ln connectlon with the 

preparation of the Botanic Gardens Conservation Strategy. ln most cases 

the sampllng of wild populations has been inadequate and the numbers 

and conditions under which the material Is grown do not meet present 

day standards for genetic resource conservation. For this reason, the 

Botanic Gardens Conservation Secretariat. which was establ ished by IUCN 

in 1987 but is now a independent organizatJon affiliated with IUCN. has 

as one of principal goals the formulation of procedures and 

methodologies for the sampllng, collection. storage. documentation and 

malntenance for germplasm by botanlc gardens anda set of guidellnes Is 

in preparation <Bramwell and Heywood. 1991). 

The reasons for developing conservation collections in botante gardens 
are various. They may be byproducts of taxonomic research or they may 
have no more scientific basis than the special interest of Individual 
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members of the garden sta~f. Thus much material of conservation value 

in gaardens may have llmited value in that no provision has been made 

for its long term preservation nor for its use as a source of material 

for possible reintroduction into the wildr if appropriate. Many botanic 

garden greenhouses contain so-called conservation collections whose 

value and future must be uncertain. This applies particularily to 

material of tropical species ln gardens in temperate countrles as is 

discussed below. 

An increasing number of gardens are developing programmes for the 

conservation of locally or nationally endangered species with a view to 

their long-term conservat ion andr in an increasing number of cases, 

relntroduction to the wild. This involves research into methods o~ 

cult ivation, propagation, seed storage and germination and close 

assoclation with maagers of protected areas. Examples of such 

programmes may be found in participating gardens of the Center for 

Plant Conservationr St Louisr which aims to ensure the conservation of 

all the endangered species of the flora of North Amerlca. Other 

examples include the Jardin Botanico Canario Viera y ClaviJor Gran 

Canaria and various Australian botanic gardens such as Adelaide and 

Canberra. Several Chinese botanic gardens are engaged in the 

conservatfon of rare and endangered speciesr including medicional 

plants which are~, major concern in China <Her Yu~nr Gin and Oudley 

i990~ He and Cheng 1991)). Indeed conservation of medicinal plants is 

undertaken by a large number of botanic gardens ln different parts of 

the world and is revlewed by Heywood (1991d) who also gives a list of 

the gardens concerned. 
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PLAN OF ACTION 

It is quite clear that if their infrastructure and technical facilities 

can be strengthened, the world's botanic gardens can be developed as 

the main conservation network for wild species. They have the capacity 

to conserve ex situ adequate samples of the maJority of the currently 

endangered species of the world. These are of the order of 40,000, a 

figure which is arrived at by taking the number of species that are 

recorded by the Threatened Plants Database of the World Conservatlon 

Monitoring Centre as Endangered, Vulnerable or Rare and multiplylng it 

by two to allow for under-representation of tropical species- 

If we take this figure of 40,000 species that require conservation 

action, and if we concentrate initia11Y on the 20,000 about which we 
have information as to thelr status, we can attempt to calculate the 

costs of their ex situ conservation. The costs per species sample will 

vary according to whther th~y are annuals~ biennals, perennials or 

trees, their breedin9 system, and whether theY are conserved ln seed 

banks under condltions of desiccation and refrigeration, in 9ield 

genebanks, or in vitro as tissue or cell culture. Also the capital 

costs if included will vary considerably. If we accept an average 

~igure of $1,000-2,000 per species per annum, the total annual costs 

will be of the order of $ 20-40 million. While this is a substantial 

sun, to b e found annua l I s , it is r emar-k ab l u low ln c omp ar J s on with other 

kinds of expenditure such as defence and is one or more orders o~ 

magnitude lower than the costs of conserving a similar number of 

an i ma 1 s. 

PRIORITY SPECIES 

While such a target is attainable, it is unlikely to be achieved, for a 

whole series of technlcal and political reasons, and we must try and 

establish priorities within the 20,000 candidate species. In the 

Dotanic Gardens Conservation Strategy it is proposed that attentlon 

should be focussed on: 

economically important species 
species required for reintroduction 
keystone species 
taxonomlcally isolated species 
primitlve cultivars 
semi-domesticated species 
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In deciding on priorlt les, close 1 laison should be maintained with 

other agencies such as IBPGR and FAO, national and regional genebanks, 

forest organlzations. conservation bodies and so on. A great deal of 

technlcal expertise has been acquired during the pamt two decades in 

the conservat ion of crop and forestry species and clearly full 

advantage should be taken of this by botanic gardens. Of course there 

are major differences in practice between the conservation cf germplasm 

for plant breeding by the various crop genebanks and the conservation 

of samples of species as part of an overall strategy for their surviva1 

and potential reintroduction into the wild or reinforceruent o~ 

endangered wild populations. In the former, the bulk of the accessions 

are of cultivars and only a small minority of wild relatives. Mosto~ 

the accessions in crop seedbanks consist of several thousand seeds and 

characterizatlon and evaluat ion of the material is an lmportant part of 

the whole operationr even though it is not always achieved. In the case 

seeds which are recalcitrant~ the material is kept as in field 

genebanks. as clona) collect ions, ln tissue or cell culture or, in a 

very few cases, under cryopreservation. 

Botanic garden conservat ion is concerned with a much larger number of 

species and fewer accessions of each. Much more effort is placed on 
' 

understanding the reproductive biology and cultural requlrements of 

specles that are candidates for reintroduction or for introduction into 

cultiv~ ion as in the case of medicinals plantas and other locally 

valuable plants. 

GEOGRAPHICAL CONSIDERATIONS 

Although botanic gardens ln temperate regions such as Europe and North 

Americal have ln genaralr as we have seenr better supportr facilities 

and staffingr and are often more vociferous about their plant 

conservation activities than many of those in areas rich in plant 

diverslty with tropical or subtropical cllmates. it is to the latter 
that we must look to play a major role ln plant germplasm in the 

future. The •mphasls wlll be more on wild species of economlc 

lmportance such as underexploited fruit treesF vegetablesr rootcroPsr 
oils. fibre plantsr and medicinal plants. Also important ~111 be 

species of ornamental importance such as or~hidsr succulents. 

bromeliads and the like which too have an economlc lmportance. For 
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botanic gardens in the tropics this will not be a new departure but a 

role that many of them fulfilled with conspicuous success ln the 19th 

century (Heywood 1983~ Smith 1986). What we have to face however is the 

fact that there are far too few botanic gardens in the tropics to cope 

with the conservation of the large number of species at risk and that 

many of those that do exist have inadqueate support or facil ities. Even 

more disconcerting is the fact that the largest cons~rvation 

collections fo tropical plants in cultivation are to be found in the 

greenhouses of botanic gardens in temPerate countries. It meems 

inevitable that as a matter of policy, consideration should be given to 

repatriat ing many of these collections (or at least duplicate material 

of them) to their countries of origin where new botanic gardens should 

be created when necesmary. These new gardems need not in many (?most) 

cases have the whole spectrum of facillties of mcdern western botanic 
gardens but should have the minimum facilities needed to cultivater 

propagate, bulk up and undertake research on the basic biology and 

reproduction of local endangered species. It is in these tropical 

botanic gardens that the necessary conservation act fvitles of tropical 

specles can be effectively undertakenr not ln temperate countries. 

While this may seem obvlous, the current disposit ion of conservation 

collections and resources suggests otherwise! 

Also protected areas in the tropics should have associated wlth them 

such min imum fac 11 ity botan ic gardens so that integrated c on ae r va t ion 

on endangered species can be carried out. An important role for 

northern/temPerate gardens will be the support of these tropical 

gardens. with technology transfer. staff training etc. 

An overal conse~vation strategy for wild species germplasm needs to be 

developed and the basic elements are given in the Biodiverslty 

Conservatlon Strategy and Action Plan (chapter VI Actions 15a-f-16). 
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